Obtaining of Biomass and Exopolysaccharides from Lactobacillus rhamnosus IL1 and IL4.2 by VAMANU, Emanuel et al.
 437 
 
Bulletin UASVM Animal Science and Biotechnologies, 67(1-2)/2010 
Print ISSN 1843-5262; Electronic ISSN 1843-536X 
 
Obtaining of Biomass and Exopolysaccharides  
from Lactobacillus rhamnosus IL1 and IL4.2 
 
Emanuel VAMANU1), Adrian VAMANU1), Diana PELINESCU3),  
Sultana NITĂ2), Nicoleta RUSU2), Petru VULPE1)  
 
1)University of Agronomic Sciences and Veterinary Medicine, Faculty of Biotechnology, 5 
9 Mărăşti Bv., Bucharest, Romania; email@emanuelvamanu.ro 
2)National Institute of Chemical-Pharmaceutical Research-Development –ICCF,  
112 Vitan Road, Bucharest, Romania 
3)University of Bucharest, Faculty of Biology, 91-95 Splaiul IndependenŃei,  
76201 Bucharest, Romania 
 
Abstract. The aim of this study was to obtain lyophilized biomass from the Lactobacillus 
rhamnosus IL1, Lactobacillus rhamnosus IL4.2 strains based on their productivity (P). The optimum 
medium was chosen using Bioscreen C MBR and the EZExperiment soft. There were calculated the 
maximum growth speed, the doubling time and the cell productivity for each strain.  There were tested 
various nitrogen sources and the relations between them. There resulted maximum productivity and 
exopolysaccharides synthesis in batch system, by using 10 g/liter of peptone, 4 g/liter of yeast extract 
for both strains. For Lactobacillus rhamnosus IL1 there resulted a productivity of 1.21 h-1×g×l-1 and 70 
mg exopolysaccharides/liter and for Lactobacillus rhamnosus IL4.2 there resulted a productivity of 
1.58 h-1×g×l-1 and 180 mg exopolysaccharides /liter. 
 




Lactic bacteria such as Lactobacillus are used frequently in food fermentation due to 
their ability of improving the organoleptic characteristics of foodstuffs.  They are used as well 
due to their capacity of preserving perishable raw materials such as milk, meat and 
vegetables. These bacteria are capable of regularly producing exopolysaccharide quantities of 
approximately 150–200 mg/l. (Ruas et al., 2005; Welman et al., 2003). The maximum 
polysaccharide quantities are produced in bioreactors, in the presence of a carbon source with 
an optimal concentration. The rigorous control of the temperature, of pH and of the agitator 
speed rate represents a mandatory condition for the synthesis of a maximum quantity of 
exopolysaccharides. (Vamanu et al., 2007) 
Various carbohydrates, such as glucose, fructose, maltose or lactose are used most 
frequently for batch growth of lactic bacteria, in order to synthesize exopolysaccharides.  
Their concentration in the medium may reach up to 50 g/liter. The nitrogen and mineral salts 
source is an important factor as well, since the lactic strains require the presence of peptone or 
of yeast extract in the growth medium. The batch growth in lab bioreactors indicated that part 
of the large costs caused by these substances may be replaced by supplementing the medium 
with corn extract. Agitation is a mandatory condition due to the homogenization of the 
medium in the bioreactor. In order to preserve the strain multiplication in an exponential 
growth phase for a maximum period, it must be constant and it must not exceed 100 rpm.  pH 
control must be rigorous, since strains are very sensitive and exceeding the limits inhibits the 
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multiplication and, implicitly, the expolysaccharides synthesis. Thus, each bioreactor must 
have the capacity to control the pH automatically, from within the biosynthesis vessel, 
through a system integrated in the basic program of the bioreactor (Warrand, 2006). 
In general, the lactic bacteria strains produce heteropolysaccharides. There are strains 
such as Streptococcus thermophilus, who produce exclusively heteropolysaccharides. They 
consist of chains of glucose, galactose and mannose and sometimes N–acetyl–glucosamine. 
Homopolysaccharides contain glucose and they are known as α-dextran, α-mutan, α-alternan 
and β–glucans. Homopolyssaccharides containing fructose are fructans (such as levan and 
inulin). These polysaccharides have various polymerization degrees, according to the 
synthesizing bacteria strains  (Bukola et al., 2008). 
 The purpose of the study is the batch growth of two strains of Lactobacillus 
rhamnosus IL1 and IL4.2, from the collection of USAMV Bucharest, the Faculty of 
Biotechnology, in order to obtain biomass and polysaccharides. The used carbon source is 
sucrose, the fermentation parameters being 37oC, pH 7 and 75 rpm. The growth medium 
(except for sucrose) was determined by using Bioscreen C and through the EZExperiment 
soft, there was calculated the real time productivity of strains.  
 
MATERIALS AND METHODS 
 
Biological material. Two strains of lactic bacteria from the Lactobacillus variety 
(Lactobacillus rhamnosus IL1, Lactobacillus rhamnosus IL4.2) were used to perform the 
studies. The 2 strains from the collection of the Faculty of Biotechnology are preserved at       
-82oC, in glycerol 20%. Strain revitalization was made by two successive cultivations on 
MRS medium. 
 Cultivation conditions. In the first phase of the study, there was determined, for each 
strain, the best growth medium, by calculating cell productivity using Bioscreen C and the 
EZExperiment software. The tested media contain sucrose (150 g/liter) and the source of 
mineral salts (g/liter) is: KH2PO4 5g, MgSO4 0.25g, MnSO4 0.2g. According to the nitrogen 
source, the following variants are used:  MLBv1 medium (g/liter): 10 g peptone, 4 g yeast 
extract; MLBv2 medium (g/liter): 15 g peptone, 5 g yeast extract; MLBv3 medium: 10 g 
peptone, 4 g malt extract; MLBv4 medium: 10 g peptone, 4 g malt extract, 4 g yeast extract. 
The tests were made in parallel with the MRS medium. The tests occurred at pH 7 and 37oC 
(Ruas et al., 2005; Vamanu et al., 2009; Yuksekdag et al., 2008) 
Once the best medium formula is determined, the strains were cultivated in batch 
system, at 37oC, pH 7, in a New Brunswick BioFlo 310 bioreactor, equipped with the 
Biomass+ v1.92 software, in order to determine the biomass quantity in real time (g/liter). 
There were taken samples to determine the quantity of expolysaccharides in batch system.  
The isolation and determination of the quantity of exopolysaccharides. Each sample 
was kept for 10 minutes at 100oC in a Memmert drying stove, after which it was cooled on an 
ice bath. The precipitation of proteins was obtained by adding15% trichloroacetic acid. The 
cells of the microorganism and the proteins were removed by centrifuging at 5.000 rpm, for 
10 minutes in a centrifuge Hettich EBA 32R with cooling. The exopolysaccharides 
synthesized were precipitated from the supernatant resulted by adding two volumes of etanol 
100%. The mixture is let overnight at 4oC and the polysaccharide is removed by centrifuging 
with the same centrifuge at 13.000 rpm, for 15 minutes (Ruas et al., 2005; Yuksekdag et al., 
2008). 
Determining the sucrose quantity. It was performed by using the UV test for the 
determination of sucrose/D-glucose from R-Biopharma. 
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The determination of the kinetic parameters. The determination of the value of 
maximum specific speed for cellular growth µmax. The value of µ from the equation for the 
time interval between two tests of a culture was calculated. The maximum value found 
represents the maximum specific speed µmax, for the respective culture. The determination of 




. The determination of cellular  productivity: Cellular productivity represents the mass 
of dried cells obtained per unit of volume of culture, in a time unit: P = D×X , in batch system 
P = µ×X (P = the cellular productivity, g×l-1×h-1, D = rate of dilution, h-1, X = cellular 
concentration, g×l-1, µ = speed of cellular growth )(Vamanu, 2009). 
 
RESULTS AND DISCUSSION 
 
The first phase of the study consisted of the determination of the growth medium for 



























































































Fig 1. Growth curve of the Lactobacillus rhamnosus IL1 strain, using Bioscreen C 
 
 
Tab. 1  
Average evolution of functions X(t) and µ(t) in the Lactobacillus rhamnosus IL1 cultivation   
in MRS medium  
 
Samples 1 2 3 4 5 6 
Time (hours) 4 8 12 16 20 24 
X, g×l-1 0,1 0,61 1,2 2 2,4 2,5 
lnX - - 0,18 0,69 0,87 0,91 
lnX – ln(X-1) - - - 0,51 0,18 0,04 
µ, h-1    0,12 0,045 0,01 










Tab. 2  
Average evolution of functions X(t) and µ(t) in the Lactobacillus rhamnosus IL1 cultivation   
in MLBv1 
   
Samples 1 2 3 4 5 6 
Time (hours) 4 8 12 16 20 24 
X, g×l-1 1,05 2,1 3,2 4,1 6,5 7,7 
lnX 0,048 0,74 1,16 1,41 1,87 2,04 
lnX – ln(X-1) - 0,692 0,42 0,25 0,46 0,17 
µ, h-1 - 0,173 0,105 0,0625 0,11 0,0425 





=4,05 hours; P = 0,17 h-1 × 2,1 g/l = 0,35 h-1×g×l-1 
 
Among the used media, there was selected the variant MLBv1 determining O.D. 
values as close as possible to those resulting in case of MRS (Fig. 1). For the MLBv1 and 
MRS variants, there were calculated the kinetic parameters (Tab. 1,2). It is to be noted that the 
MRS medium triggers a growth speed  (µmax) by 30% smaller than MLBv1 and an increase of 
the doubling time by 30% as well. The differences in case of the other variants of culture 
media are even larger. The parameter making the difference is the productivity  (P) which for 
variant MLBv1 is of 0.35 h-1×g×l-1, namely by approximately 31% higher than in case of 
MRS. It is to be noted that for these variants, there is no control of the medium pH which is 

























































































































Fig. 2. Growth curve of the Lactobacillus rhamnosus IL4.2 strain, using Bioscreen C 
Tab. 3 
 Average evolution of functions X(t) and µ(t) in the  Lactobacillus rhamnosus IL4.2 cultivation   
in MRS medium  
 
Samples 1 2 3 4 5 6 
Time (hours) 4 8 12 16 20 24 
X, g×l-1 0,1 1,4 1,7 1,8 1,9 2 
lnX - 0,33 0,53 0,58 0,64 0,69 
lnX – ln(X-1) - - 0,2 0,05 0,06 0,05 
µ, h-1 -  0,05 0,0125 0,015 0,0125 









Average evolution of functions X(t) and µ(t) in the  Lactobacillus rhamnosus IL4.2 cultivation  
in MLBv1 medium  
 
Samples 1 2 3 4 5 6 
Time (hours) 4 8 12 16 20 24 
X, g×l-1 1,4 1,7 2,3 4,3 5,7 6,9 
lnX 0,39 0,53 0,83 1,45 1,74 1,93 
lnX – ln(X-1) - 0,14 0,3 0,62 0,29 0,19 
µ, h-1 - 0,035 0,075 0,15 0,072 0,047 





=4,6 hours; P = 0,15 h-1 × 4,3 g/l = 0,64 h-1×g×l-1 
 
 
For the Lactobacillus rhamnosus IL4.2 strain, just like for the IL 1 strain, there was 
selected the MLBv1 variant, determining O.D. values which are higher than those resulting in 
case of MRS medium (Fig.2). For MLBv1 and MRS, there were calculated kinetic 
parameters, the results being provided in Tab. 3 and 4.  
The MLBv1 medium determines a growth speed (µmax) of 0.15 h-1, which is 66% 
higher than in case of MRS, but by 22% smaller than the growth speed of the IL 1 strain. The 
differences are significant for the two variants of culture media. In exchange, the parameter 
making the difference in this situation is the productivity, which for the MLBv1 variant, IL 
4.2 strain, is by 45% higher than in case of the IL 1 strain. Low productivity is noticeable in 
using MRS, which may be a result of the quick and massive synthesis of lactic acid, since pH 
decreases rapidly in such a situation.   
Thus, the MLBv1 variant is the medium formula selected for the cultivation of the IL1 




























































































































Tab. 5  
Average evolution of the functions X(t) and µ(t) in case of Lactobacillus rhamnosus IL1  cultivation in the  
MLBv1 medium, in batch system   
 
Samples 1 2 3 4 5 6 
Time (hours) 4 8 12 16 20 24 
X, g×l-1 1,97 5,05 7,12 9,26 10,5 9,91 
lnX 0,67 1,61 1,96 2,22 2,35 2,29 
lnX – ln(X-1) - 0,94 0,35 0,26 0,13 - 
µ, h-1 - 0,24 0,0875 0,065 0,0325  






























































































 Average evolution of the functions X(t) and µ(t) in case of Lactobacillus rhamnosus IL4.2 cultivation in the  
MLBv1 medium, in batch system   
 
Samples 1 2 3 4 5 6 
Time (hours) 4 8 12 16 20 24 
X, g×l-1 2,18 6,1 7,89 10,6 12,8 13,9 
lnX 0,77 1,8 2,06 2,36 2,54 2,63 
lnX – ln(X-1) - 1,03 0,39 0,3 0,18 0,09 
µ, h-1 - 0,26 0,09 0,075 0,045 0,022 





= 2,65 hours; P = 0,26 h-1 × 6,1 g/l = 1,58 h-1×g×l-1 
 
In case of batch cultivation, there results a lag phase of four hours at the most for both 
strains. The Lactobacillus rhamnosus IL1 strain has a growth phase exponentially smaller by 
4 to 5 hours as to the Lactobacillus rhamnosus IL4.2 strain, in similar conditions (Fig. 3, 4). It 
determines, for Lactobacillus rhamnosus IL4.2, a productivity increase by 23% as to the 
strain Lactobacillus rhamnosus IL1. The maximum growth speed, for the Lactobacillus 
rhamnosus IL4.2 strain, also has an increase of 8% as to the IL1 strain in the same 
fermentation conditions (Tab. 5, 6).  
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During the fermentation, there was determined the consumption of the carbon source 
(sucrose).  It is directly correlated to the biomass and exopolysaccharides synthesis. In 
general, the biomass accumulation stops after 24 hours and the exopolysaccharide synthesis 
occurs towards the end of the exponential growth phase or during the stationary phase for the 
Lactobacillus rhamnosus IL1 strain. In the performed determinations, the quantity of the 
residual carbon source is on average of 5 g/liter of culture medium, namely generating a 
consumption of 96.6%. By comparison to the tests performed at the lab level [literature 
cluj2009], in batch system, there results an excess of approximately 25% as to the obtained 
exopolysaccharides quantity.  The most productive strain is Lactobacillus rhamnosus IL4.2, 
with a maximum of 180 mg/liter. For Lactobacillus rhamnosus IL1 there results a maximum 
of 70 mg/liter. 
Finally, the biomass was separated by centrifuging and it was washed two times in a 
solution of NaCl 0.5%. Subsequently, it was liophylized in a lyophilizer Alpha 1-2D resulting 
a white powder with a particular smell. The supernatant obtained following the biomass 
separation was concentrated in a Buchi rotary evaporator. The exopolysaccharides were 
precipitated with ethanol and, afterwards, the precipitate was lyophilized in the same 
lyophilizer. The biomass and the lyophilized exopolysaccharides are stored in fridges in both 




For the Lactobacillus rhamnosus IL1 and Lactobacillus rhamnosus IL4.2 strains, there 
was determined the optimum culture medium using Bioscreen C, according to the 
productivity. The carbon source was sucrose, in a concentration of 15%, in the presence of 
which there is obtained a maximum of the exopolysaccharides quantity. There was obtained a 
maximum quantity of 70 mg of exopolysaccharides/liter for the Lactobacillus rhamnosus IL1 
strain and 180 mg exopolysaccharides/liter for Lactobacillus rhamnosus 4.2. For 
Lactobacillus rhamnosus IL1 there results a productivity of 1.21 h-1×g×l-1, approximately 
70% higher as to lab growth. However, for Lactobacillus rhamnosus 4.2, there resulted a 
productivity of 1.58 h-1×g×l-1, higher by 60% as to the tests performed in the lab. 
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